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OBJECTIVES We describe the clinical and electrophysiologic characteristics and management of post “cut
and sew” Maze arrhythmias in symptomatic patients.
BACKGROUND The Cox Maze procedure was developed as a surgical treatment of atrial fibrillation. Until
recently, invasive electrophysiologic studies in patients with symptomatic post-operative
arrhythmias in this patient population have not been described.
METHODS The management and clinical course of consecutive patients with post-Maze arrhythmias
refractory to antiarrhythmic drugs (AADs) between January 2000 and December 2003 are
presented.
RESULTS Twenty-three patients (15 men) presented 14  14 months after Maze surgery for treatment
of atrial fibrillation (AF). Eight patients underwent “cut and sew” Maze for lone AF with no
other surgical indication. Fifteen patients underwent the “cut and sew” Maze procedure in
addition to another surgical procedure: mitral valve surgery (11 patients) and coronary artery
bypass graft surgery (4 patients). Eight patients (35%) had recurrent AF secondary to
recovered conduction around the lines encircling the pulmonary veins. Five patients were
documented to have focal atrial tachycardia, which was mapped to the coronary sinus in 3
patients, to the posterolateral right atrium in 1 patient, and to the left atrial (LA) septum in
1 patient. Four patients had right atrium incisional atrial flutter (AFL), and 6 had LA
incisional AFL, which was mapped around the mitral valve annulus in 4 patients and around
the right pulmonary veins in 2 patients. Twenty-two of the 23 patients were treated
successfully with radiofrequency ablation. At 1-year follow-up, 19 patients were arrhythmia-
free and taking no AADs.
CONCLUSIONS After surgical “cut and sew” Maze, approximately one-third of patients experiencing atrial
arrhythmias have AF secondary to pulmonary vein-left atrium conduction recovery. More-
over, incisional AFL seems to be a common finding in this group of patients. Catheter-based
mapping and ablation of these arrhythmias seems to be feasible and effective. (J Am Coll
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.05.061Cardiol 2006;48:1405–9) © 2006 by the American College of Cardiology Foundation
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ihe Cox Maze procedure was developed as a surgical
reatment of atrial fibrillation (AF) (1,2). Restoration of
inus rhythm has been reported to be successful in 75% to
5% of patients (1–6). Although previous studies have
ocused mainly on sinus node function, invasive electro-
hysiologic studies in patients with symptomatic post-
perative arrhythmias in this patient population have not
een described.
In this study we describe the clinical and electrophysi-
logic characteristics and management of post-surgical “cut
nd sew” Maze arrhythmias in symptomatic patients.
ETHODS
atients. Between January 2000 and December 2003, 23
atients with symptomatic post-Maze arrhythmias refrac-
ory to antiarrhythmic drugs (AADs) were evaluated in our
aboratories. All patients had undergone the “cut and sew”
aze procedure.
From The Center for Atrial Fibrillation, The Cleveland Clinic Foundation,
leveland, Ohio.4
Manuscript received February 21, 2006; revised manuscripts received April 18,
006, accepted May 8, 2006.lectrophysiology study protocol. All AADs were dis-
ontinued 5 half-lives before ablation. Amiodarone was
iscontinued 4 to 5 months before the procedure in patients
aking this medication. Coumadin was discontinued 48 h
efore the procedure, and all patients underwent trans-
sophageal echocardiography to exclude intracardiac
hrombi.
After informed consent, all patients underwent electro-
hysiological study with atrial mapping and subsequent
blation.
ight and left atrial mapping and ablation. Electrode cathe-
ers were positioned under fluoroscopic guidance. A 7-F,
0-pole catheter (2 mm inter-electrode spacing; Daig Cor-
oration, Minnetonka, Minnesota) was placed around the
ricuspid annulus, and a 6-F octapolar catheter (2 mm
nter-electrode spacing, EP Technologies 1000, Sunnyvale,
alifornia) was used to record His-bundle potentials.
A 6-F quadripolar catheter (2-5-2 mm inter-electrode
pacing, Daig Corporation) was placed at the right ventric-
lar apex. Coronary sinus (CS) recordings were performed
rom a 6-F decapolar catheter (2-5-2 mm inter-electrode
pacing, Daig Corporation) advanced through the right
nternal jugular vein. Mapping was performed with either a
-mm or 8-mm tip mapping and ablation catheter. Bipolar
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Post-Maze Arrhythmias October 3, 2006:1405–9ntracardiac electrograms were used with filtering between
0 and 500 Hz. These were recorded and stored digitally on
computerized system simultaneously with 12-lead surface
lectrocardiograms.
The CARTO 3-dimensional electro-anatomical map-
ing system (Biosense Webster, Diamond Bar, California)
as used for navigation mapping and ablation.
Left atrial mapping was performed via trans-septal cath-
terization. Intravenous heparin was given to keep the
ctivated clotting time 350 s.
blation strategies. In patients with focal atrial tachycar-
ia (AT), radiofrequency current was delivered at the site of
arliest atrial activation as mapped by electro-anatomical
nd activation mapping.
TRIAL FLUTTER. An initial activation map during tachy-
ardia was first done with annotation of the low-voltage and
carred areas (0.1 mV). Areas of slow conduction having
ouble potential or fractionated electrograms were tagged.
he critical isthmus was defined by activation mapping on
he CARTO system (Biosense Webster) and by entrain-
ent. Once the circuit was identified, ablation was per-
ormed along the most accessible part of the circuit so as to
ransect the identified isthmus.
Successful ablation was defined as termination of atrial
utter (AFL) during ablation, demonstration of bidirec-
ional block across the isthmus with differential pacing when
ossible, and identification of double potentials separated by
t least 70 ms and non-inducibility of AFL by right and left
trial rapid and programmed pacing in the drug-free state
nd after administration of isoproterenol infusion (1–6
g/min).
Additionally, in patients with AFL and evidence of
ulmonary vein-left atrium (PV-LA) reconnection, pulmo-
ary vein (PV) antral isolation was also performed.
F. In patients with recurrence of AF, PV antral isolation
as performed as described previously (7,8). Intracardiac
chocardiographic (ICE) guided mapping and ablation of
ll PV’s ostia was performed with a 10-F, 64-element
hased-array ultrasound-imaging catheter (AcuNave, Acu-
on, Mountain View, California) introduced through an
1-F sheath via the left femoral vein. A decapolar circular
apping catheter (Biosense Webster) was used for circular
apping and isolation of all PV. Great care was exercised to
void entanglement of the Lasso in the mitral valves,
specially in patients with prosthetic valves. Ablation was
xtended to the pulmonary vein “antrum” in front of the
Abbreviations and Acronyms
AAD  antiarrhythmic drug
AF  atrial fibrillation
AFL  atrial flutter
AT  atrial tachycardia
LA  left atrium/atrialube-like portion of the pulmonary veins. Energy delivery
A
Cas titrated while monitoring for microbubbles formation.
ur anticoagulation protocol, with a target of activated
lotting time of 350 to 400 s, has also been described
reviously (9).
ollow-up. Follow-up was scheduled at 1, 3, 6, and 12
onths. Patients were monitored with Holter recording
efore discharge, at 3, 6, and 12 months follow-up. In
ddition, an arrhythmia transmitter was used to monitor
vents during the 1st month after ablation and was repeated
months after the procedure. Patients were asked to record
times daily even if asymptomatic. Additional monitoring
as considered beyond 3 months for patients with recur-
ence of symptoms. After 3 months, anticoagulation was
topped unless there were other indications for chronic
nticoagulation (such as prosthetic valves) or if patients
xperienced recurrent arrhythmia.
ESULTS
aseline characteristics. Between January 2000 and De-
ember 2003, 23 patients (15 men) with a mean age of 64
2 years presented with arrhythmias refractory to AADs
4  14 months after “cut and sew” Maze surgery for
reatment of AF (Table 1). Eight patients underwent the
cut and sew” Maze for lone AF with no other surgical
ndication. Fifteen patients underwent the “cut and sew”
aze in addition to another surgical procedure: mitral valve
eplacement (4 bioprosthetic and 7 mechanical valves) and
oronary artery bypass graft surgery (4 patients). The doc-
mented postoperative presenting arrhythmia was recurrent
F in 8 patients (Fig. 1), AT in 5 patients, and AFL in 10
atients (Figs. 2 and 3).
indings on electrophysiologic study. Eight patients
35%) had recurrent AF secondary to recovered conduction
round the lines encircling the pulmonary veins (Fig. 1).
Five patients were found to have focal AT (cycle length
49  85 ms), which was mapped to the CS (3 patients), to
he posterolateral right atrium (1 patient), and to the LA
eptum (1 patient).
Six patients had left AFL, whereas 4 had right atrium
ncisional AFL (cycle length  260  42 ms).
eft AFL. Of the 6 patients with AFL, 4 had mitral
nnulus flutter. The isthmus in these patients was found
etween the mitral annulus and the dense posterior scar.
able 1. Patient Characteristics
Characteristics
ge (yrs) 64  12
ender 15 men
F surgery alone (n) 8
F surgery  CABG (n) 4
F surgery  mitral valve surgery (n) 11
rrhythmia on presentation (n)
AF 8
AT 5
AFL 10F  atrial fibrillation; AT  atrial tachycardia; AFL  atrial flutter;
ABG  coronary artery bypass grafting.
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October 3, 2006:1405–9 Post-Maze Arrhythmiasn 2 patients ablation from the right inferior PV to the
itral annulus terminated the flutter, whereas in the
emaining 2 patients this resulted in prolongation of the
igure 1. Surface electrocardiogram and intracardiac electrograms depicting
ulmonary vein electrograms with high frequency potentials on the circular ma
blation catheter electrograms; aVF  atrioventricular; CS  coronary sinus
lectrograms; Ls  circular mapping catheter electrograms.igure 2. Twelve-lead surface electrocardiogram of a macro-reentrant atrial arrhy
n ablation line from the mitral annulus to a posterior wall scar. aVF  atrioveachycardia cycle length without termination. In 1 of
hese 2 patients, further lesions from the left inferior PV
o the mitral annulus were required for termination,
fibrillation and pulmonary vein-left atrium (PV-LA) reconnection. Note the
catheter reflecting recurrence of conduction at the PV-LA junction. ABL
ter electrograms; c/w  consistent with; hRA  high right atrium catheteratrial
ppingthmia, which was mapped around the mitral annulus and terminated with
ntricular.
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Post-Maze Arrhythmias October 3, 2006:1405–9hereas in the other patient extension of the ablation line
long the anterior septal aspect of the right pulmonary veins
esulted in flutter termination.
Two patients had flutter around the right pulmonary
eins. In these patients an area of double potentials was
dentified on the upper posterior wall, but ablation at that
ite had no effect, whereas ablation in the anterior septal line
esulted in termination (Fig. 3).
None of the patients with left AFL required ablation in
he CS.
ight AFL. In 3 of the 4 patients with right atrial
ncisional flutter around the posterior atriotomy, the flutter
as terminated by an ablation line connecting scar tissue to
he superior vena cava. In the fourth patient, radiofrequency
blation was unsuccessful at multiple sites. This patient had
ultiple right atrial arrhythmias in the setting of severe
itral regurgitation and severe biatrial enlargement.
In this patient cohort presented in our study, fluoroscopy
ime was 90  50 min and total procedure time was 5.1 
.8 h.
ollow-up. At 1-year follow-up, 19 patients were
rrhythmia-free and taking no AADs.
One patient with mitral annulus AFL had recurrence of
FL, and another patient had recurrence of AF. Both
atients were re-ablated successfully. A third patient had
ecurrence of AT that was successfully ablated with an
igure 3. CARTO (Biosense Webster, Diamond Bar, California) map of
ermination of AFL. The area of double potential/fractionated potential rrrigation catheter at another institution. mISCUSSION
ain findings. To our knowledge, this is the first report of
lectrophysiologic findings in patients presenting with re-
urrent tachyarrhythmia after surgical “cut and sew” Maze
rocedures. In the present series we found that even after
urgical “cut and sew” Maze, PV-LA reconnection is
ossible and that approximately one-third of patients expe-
iencing atrial arrhythmias have AF. Moreover, incisional
FL seems to be a common finding in this group of
atients, occurring in nearly one-half of those with recurrent
ymptomatic arrhythmias.
ost-Maze arrhythmias. Although reportedly very ef-
ective, the long-term success rate varies widely, depend-
ng on the surgical approach and type of follow-up (1,2,4,
,10–13).
Recently, Albage et al. (14) reported that the inducibility
f AF/AFL on electrophysiologic study 1 year after surgery
as predictive of clinical arrhythmia. Ishii et al. (15)
etermined that AT of some form occurred in 43% of
atients after the Maze procedure and that most of these
rrhythmias were AF. In this cohort, electrophysiologic
tudy and catheter ablation were performed on only 12
atients, with the majority undergoing atrioventricular
odal ablation and permanent pacemaker implantation 15.
here is little reported on the invasive electrophysiologic
trial flutter (AFL): ablation at the isthmus between the 2 scars resulted in
nts an area of slow conduction. MA  mitral annulus.anagement of post-Maze arrhythmias.
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October 3, 2006:1405–9 Post-Maze ArrhythmiasWe found that AF recurrence after the “cut and sew”
aze was secondary to recovery of conduction around the
ines encircling the pulmonary veins. This was effectively
reated with pulmonary vein antral isolation with only 1
ecurrence after 1 year of follow-up. This is very promising
iven the fact that these patients had already undergone
omplex surgery.
Intra-operative electrophysiologic confirmation of pul-
onary vein isolation, although difficult, might be essential
o avoid recurrent AF.
Furthermore, 48% of the patients had incisional AFL,
mplying that the nature of the surgery itself—regardless of
chievement of pulmonary vein isolation—creates a sub-
trate that can lead to another arrhythmia complicating this
rocedure. In the Maze procedure, incisional lines are made
o isolate the pulmonary veins with the posterior LA wall by
ncircling them all-in-one and also connecting the isolated
rea by creating lines to the mitral annulus and to the
mputated appendage stump. Importantly, cryoablation le-
ions are also placed in the bridge between the circular line
nd the 2 connecting lines as well as in the CS, where it is
pplied at 60°C for 2 min (10).
Therefore, possible gaps might exist between the con-
ecting suture lines, because of non-transmural lesions in
ome areas, especially around the thick mitral annulus tissue.
eentry circuits might therefore occur more commonly
round the mitral annulus, scar areas, and on the external
dge of the isolated areas as described in our cohort of
atients.
tudy limitations. The approximate incidence of post-
aze atrial arrhythmias cannot be discerned from this
ohort of patients, because these were from our center as
ell as from other institutions. However, the success rate
efined as late freedom of AF has been reported to be 90%
3). Generally, although the success rate has been reported
y Cox et al. (10) to be as high as 97%, a recent systematic
eview has found the mean success rate since 1995 to be as
ow as 84% (16). Furthermore, the success rate in patients
ith concomitant mitral valve surgery has been reported to
e 75% to 82% (17).
onclusions. After the surgical “cut and sew” Maze pro-
edure approximately one-third of patients experiencing
trial arrhythmias have recurrence of AF secondary to
V-LA conduction recovery. Moreover, incisional AFL
eems to be a common finding in this group of patients.
ercutaneous catheter-based mapping and ablation of these
rrhythmias seems to be feasible and effective, although this
s technically challenging, as evidenced by the prolonged
uoroscopy and procedure times.
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